Background: The number of adolescent patients with anorexia nervosa is increasing. In addition, an increase in pre-adolescent patients with premenarchal onset has also been recognized. Detection of the disease in childhood and adolescence, however, is not always easy because the symptoms are not characteristic during this period. This study was performed to investigate detection of anorexia nervosa in children/adolescents by comparing energy and nutrient intake between patients with anorexia nervosa and healthy thin persons.
According to the Diagnostic and Statistical Manual of Mental Disorders, fifth edition diagnostic criteria, patients with anorexia nervosa (AN) show "restriction of energy intake relative to requirement, leading to a significantly low bodyweight. Intense fear of gaining weight or of becoming fat, or persistent behavior that interferes with weight gain." 1 Thus, AN patients have a particular body image that leads to characteristic restriction of energy intake.
An increase in AN is currently attracting attention, given the reported approximately 2-3-fold increase in the incidence of AN in the 10 years since 1992. 2 In addition, adolescents are accounting for a larger percentage of AN patients every year, and an increase in the number of pre-adolescent patients with premenarchal onset has also been recognized. 3, 4 An increase in AN in childhood and adolescence has attracted considerable social attention in Japan, along with an increased proportion of thinness in this population. 5 Anorexia nervosa in children and adolescents has a high mortality rate of 9.6% 6 and is associated with various complications, 7 including an eventual increase in osteoporosis due to estrogen deficiency during the growth period, 8 and a negative impact on fertility. 9 Detection and adequate treatment of AN in children and adolescents are important because complications such as osteoporosis can be decreased by early detection, 10 and the menstrual cycle recovers in 63% of patients after adequate treatment. 11 It is problematic that AN is frequently missed at school and home because patients maintain energetic physical activity despite extreme thinness. 12 Furthermore, the symptoms of AN in childhood are atypical, 13, 14 therefore this condition is often overlooked, and patients eventually visit the hospital only after it has become advanced. According to epidemiological research conducted in junior high and high schools, one-thirdone-half of AN patients had not visited a doctor and had not received treatment. 15 To achieve early detection of difficult-to-find AN in children and adolescents, it is therefore important not to miss the initial signs. The first sign of AN is abnormal eating behavior based on fear of becoming fat, leading to a significant decrease in energy intake. Fear of weight gain can be evaluated on questionnaires, including the Eating Disorder Inventory 16 and Eating Attitudes Test, 17 but this method has not been widely used for AN in children and adolescents. Energy intake is generally evaluated by investigation of the dietary history, given that adult female AN patients have a low energy intake. [18] [19] [20] Investigation of the diet, however, is rarely performed in children and adolescents with AN, 21 and comparison of food intake between healthy lean children/adolescents and AN patients has not been reported.
In order to achieve detection of AN in childhood and adolescence in healthy thin persons, we investigated the dietary history of children/adolescents with AN as well as those without AN, but with healthy leanness, using a validated diet history questionnaire to determine the differences in profile of energy and nutrient intake between these two groups.
Methods

Subjects
Three hundred and fifty-three healthy girls aged 10-15 years attending elementary school and junior high school in Yonago City, Japan during April-July 2015 were enrolled in the study. Responses including data on age, body height, weight, and score for desiring thinness were obtained from 320 subjects, whose body height and weight were similar to the results of a nationwide survey in Japan. 22 Of the 320 respondents, 200 subjects with a mean age of 12.4 AE 1.3 years and body mass index (BMI) <50th percentile underwent statistical analysis as the healthy lean group (Table 1) . On annual school inventory medical checkup by experienced physicians, AN was not identified in any of the enrolled schools.
The AN group consisted of 13 patients with a mean age of 14.4 AE 3.5 years (range, 10-18 years) who visited the pediatric outpatient clinics of hospitals in Tottori City and Tsuyama City, Japan from June 2015 to January 2016 (Table 1) . Every patient in the group was diagnosed with restricting-type AN by an experienced physician. All of them were in the recovery phase, in which they had no acute weight loss or no need to be hospitalized to undergo medical care. The mean duration of AN was 15.1 AE 11.8 months. The anonymous dietary history questionnaire was distributed to the subjects and collected.
Evaluation of physique
The BMI (weight (kg)/height (m)
2 ) was calculated from the subjects' measured body height and weight. In this age group, BMI increases as height increases, therefore it is not possible to evaluate the physique of children using a fixed criterion value for BMI, as can be done in adults. Accordingly, the calculated BMI was converted into BMI percentiles based on the age-and sex-matched reference data for Japanese children and adolescents, in order to evaluate subject physique.
In the present investigation, the healthy lean subjects with BMI <50th percentile were divided into two subgroups (i.e. BMI <5th percentile; and BMI 5-50th percentile) and compared with the AN group.
Evaluation of the desire for thinness
Fear of becoming fat or a strong desire for thinness is a cardinal feature of AN. In this study, we used a 12-item questionnaire developed by Kanayama et al. to evaluate the desire for thinness. 23 In this questionnaire, a 5-point Likert scale was used to score the desire for thinness from 1, "completely absent" to 5, "always present". The total score for the 12 items was calculated as a "desire for thinness score" and was used for statistical analysis. The validity and reliability of this questionnaire were verified by factor analysis based on data obtained in healthy children and adolescents (n = 393, Cronbach's coefficient alpha = 0.94).
The desire for thinness score was used to divide the subjects into two groups: below-average score and above-average score.
Dietary evaluation
Intake of energy, nutrients, and food groups by the subjects was evaluated using a brief self-administered diet history questionnaire (BDHQ). 24 This questionnaire consists of 101 items presented on four pages, and the subjects or their guardians were instructed to answer questions about the weekly intake of 58 foods and beverages during the past 1 month using a 7-item scale (from "0 times per week" to "2 times or more per day"). Subjects with a mean age of 12.4 AE 1.3 years were instructed to complete the BDHQ15y themselves, while subjects aged 10-12 completed the BDHQ10y with their guardians. The BDHQ has been verified by analysis in 184 subjects, 25, 26 while the BDHQ10y and BDHQ15y have been verified by analysis in 398 subjects. 27 The foods eaten by the subjects were classified into food groups. Then, based on the energy and nutrient content of each food, the daily energy and nutrient intakes were calculated. For statistical analysis, the daily energy and nutrient intakes were expressed as a percentage of the age-and sexmatched reference of the estimated average requirement (EAR), the adequate intake (AI), and the tentative dietary goal for preventing life-style related diseases (DG). EAR was determined for the purpose of avoiding low intake and was defined as the intake in half of all people, while AI was sufficient intake to maintain a certain nutritional status, and DG as the goal for preventing lifestyle-related diseases. In this report, EAR, AI, and DG are collectively referred to as the reference intake.
Statistical analysis
Results are reported as mean AE SD. SPSS Statistics ver. 23 for Windows (IBM Japan, Tokyo, Japan) was used for statistical analysis. Mann-Whitney U-test was used for comparison between two groups, while the Kruskal-Wallis test and Bonferroni multiple comparison test were used for comparison between three groups. The level of significance was set at 5%.
Ethics
We explained the purpose and methods of the study and the voluntary nature of participation to the subjects and their guardians using written documents, and return of a completed questionnaire was considered to represent consent to participate. The questionnaires were filled out anonymously. This study was performed after obtaining approval from the Ethics Committee of Tottori University Faculty of Medicine, Japan (no. 2715).
Results
Dietary intake profile in healthy girls
Daily energy and nutrient intake are given as percentages of the reference amount, while daily intake of each food group is expressed as a percentage of the total energy intake of the day. Dietary intake profile obtained from the 320 subjects was as follows: energy intake, 99. 28 suggesting that the subjects' food intake reflected that of the general population.
Dietary intake profile
Stratification by desire for thinness score (BMI <50th percentile group)
In order to investigate the association between the desire for thinness and diet, the energy intake, nutrient intake, and food group intake were evaluated in the BMI <50th percentile group (n = 200), which was divided into two subgroups according to below-average and above-average desire for thinness score (Table 2 ). Compared to the subgroup with lower desire for thinness scores, the subgroup with higher desire for thinness scores had significantly higher fat intake (higher desire, 120.2 AE 21.5 vs lower desire, 115.2 AE 22.2% of tentative DG, P < 0.05), significantly lower cereal intake (34.8 AE 9.7 vs 38.7 AE 11.3% of energy intake, P < 0.01), and a trend toward lower carbohydrate intake (94.3 AE 12.3 vs 96.4 AE 12.4% of tentative DG). This indicates that lean persons with an above-average desire for thinness reduce their energy intake by abstaining from cereals and carbohydrates, leading to a relatively high fat intake.
AN group vs BMI <50th percentile group
Comparison was performed between three groups: the AN group; the thin group (BMI < 5th percentile); and the BMI 5-50th percentile group (Table 3) . Compared with the thin group, the AN group had significantly lower intake of energy (AN, 82.4 AE 23.7 vs thin, 119.3 AE 68.4% of EAR, P < 0.05), fat (100.0 AE 29.4 vs 114.6 AE 24.9% of tentative DG, P < 0.01), zinc (86.0 AE 128.8 vs 142.5 AE 82.6% of EAR, P < 0.01), vitamin C (130.0 AE 58.2 vs 142.2 AE 100.8% of AI, P < 0.01), and confectionery (7.6 AE 7.3 vs 11.5 AE 7.8% of energy intake, P < 0.05), but had significantly higher intake of vegetables (2.4 AE 1.3 vs 1.2 AE 0.9% of energy intake, P < 0.01) and sugars/ sweeteners (0.7 AE 0.5 vs 0.4 AE 0.4% of energy intake, P < 0.05). In the AN group, subjects with lower zinc intake ate less meat compared to subjects with higher zinc intake (3.8 AE 3.6 vs 8.1 AE 2.4% of energy intake, P < 0.05). In addition, subjects with lower fat intake consumed less dairy products than subjects with higher fat intake (6.1 AE 4.2 vs 16.1 AE 6.0% of energy intake, P < 0.01). In contrast, there were no significant differences in dietary intake between the thin group and the BMI 5-50th percentile group.
Discussion
Dietary intake and desire for thinness of healthy girls
Lean girls with BMI <50th percentile and an above-average desire for thinness suppressed their energy intake by reducing their intake of carbohydrates and cereals while maintaining a relatively high fat intake. Eating behaviors such as the low carbohydrate intake appear to be characteristic of the dietary pattern of healthy lean girls who are restricting their dietary intake.
AN and healthy thinness: Comparison of food intake
In the present study, children and adolescents with AN had significantly lower fat intake than healthy thin persons. This characteristic behavior to avoid fat intake in children and adolescents with AN was similar to behavior previously reported in adolescents and adults with AN. [18] [19] [20] In addition, there was another similarity to children younger than the present subjects. Lee and Keller reported that children aged 4-6 years with greater pressure to eat were associated with lower intake of high-fat foods. 29 Although there is no definite evidence of a similarity in the mechanisms of high-fat food avoidance, it is interesting that children with psychological challenges, whether by AN or by parental pressure, had the similar eating behavior.
The eating behavior in AN to avoid fat intake contrasts sharply with that in healthy thin girls to abstain from eating cereal and carbohydrate. This evident difference in eating behavior between AN patients and healthy thin persons is considered to be a useful clue for detection of this condition in childhood and adolescence.
In contrast, the difference in protein and carbohydrate intake between AN patients and healthy persons is less clear. The protein and carbohydrate intake of adult AN patients is relatively high, 19, 20 while the intake of early adolescent AN patients is similar to that of healthy persons with a standard physique. 21 In the present study, the protein and carbohydrate intake of children and adolescents with AN tended to be lower than that of healthy thin persons. It is probable that the present results differed from the previous reports because the present healthy subjects were limited to thin persons.
This study also showed that zinc intake was significantly reduced in children and adolescents with AN, as could be expected from the dietary pattern of AN patients, who tend to avoid fat. The risk of zinc deficiency is increased in adolescent and adult AN patients because of low dietary zinc intake, 30, 31 and an increased requirement for zinc. 32,33 Given that this study also found lower zinc intake in children and adolescents with AN, it seems necessary to check for dysgeusia and associated abnormal eating behavior.
Detection of AN in children and adolescents
Given that the clinical characteristics of AN are similar to those of healthy thin persons, screening at school or other institutions based on specific criteria may help to achieve early detection. In some school checkups performed in Japan, students with bradycardia and bodyweight ≤85% of the standard bodyweight for height are screened for AN. We consider that AN could be found earlier if abnormal food intake is detected, rather than waiting until development of metabolic disorders such as bradycardia. In this regard, decreased fat intake is characteristic of patients with AN, unlike healthy thin persons, and could be useful for identifying this condition.
Limitations
The limitations of this study are related to the method of dietary investigation given that information was obtained by Seasoning and spices 2.0 AE 1.0 2.7 AE 1.7 2.0 AE 1.1 *P < 0.05, **P < 0.01, ***P < 0.005: †BMI <5th percentile vs 5th percentile ≤ BMI < 50th percentile; ‡AN vs BMI <5th percentile; §AN vs 5th percentile ≤ BMI < 50th percentile. AN, anorexia nervosa; BMI, body mass index; DG, tentative dietary goal for preventing life-style related disease; EAR, estimated average requirement. questionnaire and depended on the accuracy of reporting by the subjects. Further investigation of AN patients from disease onset is needed to assess their eating behavior and consequent weight gain/loss.
In conclusion, children and adolescents with AN characteristically have low fat and zinc intake, unlike healthy thin persons. This characteristic dietary pattern is considered to be a useful clue for detection of AN in childhood and adolescence.
